Over the past two decades of refinement and application of instream flow evaluations, we have examined the hydraulic habitat of aquatic macroinvertebrates in a variety of conditions, along with the role of these macroinvertebrates in sustaining ecosystem integrity. Instream flow analyses assume that predictable changes in channel flow characteristics can, in turn, be used to predict the change in the density or distribution of lotic species or, more appropriately, the availability of useable habitat for those species. Five major hydraulic conditions most affect the distribution and ecological success of lotic biota: suspended load, bedload movement, and water column effects, such as turbulence, velocity profile, and substratum interactions (near-bed hydraulics). The interactions of these hydraulic conditions upon the morphology and behavior of the individual organisms govern the distribution of aquatic biota. Historically, management decisions employing the Physical Habitat Simulation (PHABSIM) have focused upon prediction of available habitat for life stages of target fish species. Regulatory agencies have rarely included evaluation of benthos for flow reservations. Although 'taxonomic discomfort' may be cited for the reluctant use or creation of benthic criteria, we suggest that a basic misunderstanding of the links between benthic macroinvertebrate and the fish communities is still a problem. This is derived from the lack of a perceived 'value' that can be assigned to macroinvertebrate species. With the exception of endangered mussel species (for which PHABSIM analysis is probably inappropriate), this is understandable. However, it appears that there is a greater ability to predict macroinvertebrate distribution (that is, a response to the change in habitat quality or location) and diversity without complex population models. Also, habitat suitability criteria for water quality indicator taxa (Ephemeroptera, Plecoptera, and Trichoptera; the so-called 'EPTs') may also provide additional management options to stream regulators. The greatest application for macroinvertebrate criteria will be in low-order streams where a more immediate link to fish communities can be established. We present an example from Queens Creek, in North Carolina, USA, in which monthly allocations required to preserve the integrity of the benthic macroinvertebrate community were significantly higher than for the target benthic fish species, Cottus bairdi. In the months when both Cottus and community diversity of macroinvertebrates were the 'bottleneck' life stages, preservation of only fish species could result in an additional 5-25% loss in macroinvertebrate habitat. We suggest that, as there becomes an increased emphasis on maintaining macroinvertebrates as monitors of stream health, there will be a concurrent emphasis on incorporating hydraulic habitat conditions as a part of bioassessment.
INTRODUCTION
Among the body of techniques used to evaluate minimum flows and to make flow recommendations for stream managers, the Instream Flow Incremental Methodology (IFIM) (Stalnaker et al., 1995) , along with the software associated with the technique (most notably, the Physical Habitat Simulation, PHABSIM) (Milhous et al., 1984) , has received the greatest attention from regulatory agencies around the world. In its original form, the ease of calibration of the one-dimensional flow model combined with relatively have been shown to be able to predict the distribution and, in some cases, the density of macroinvertebrates in a stream reach (Gore, 1996 , provides a summary of these studies). Although studies of flow in flumes have indicated the existence of a non-moving boundary layer (up to 2 mm in thickness) (Nowell and Jumars, 1984) and lotic scientists have indicated that morphological and behavioral adaptations are directed towards existence within this boundary layer (Hynes, 1970) , recent investigations have determined that very few benthic macroinvertebrates are sufficiently streamlined to take advantage of this boundary layer (Statzner, 1987) . Indeed, a true boundary layer condition rarely exists under natural flow conditions because of the complex profile of the substrate. Thus, aquatic organisms are restricted to those combinations of velocity, depth, and substrate that allow morphological and/or behavioral resistance to flow to be exceeded by energetic gains.
Any hydrological change that leads to increases in shear velocities or shear stress or reduction in the thickness of the viscous sublayer will reduce the availability of adequate microhabitats to some species while increasing habitat availability for others. Since the abundance of various species will change with changes in physical habitat location and accessibility, in turn, community functioning and food-web dynamics may be changed to the extent that some species will be locally eliminated from the community.
Near-substratum conditions are further changed with changes in substrate composition or distribution since increased hydraulic roughness increases the rate of sediment deposition (Harvey and Watson, 1986) , in turn, altering community composition through elimination of some species (increased predation success) (Brusven and Rose, 1981) or elimination of some or all primary production (Brusven and Prather, 1974) .
THE 'VALUE' OF MACROINVERTEBRATES
Aquatic macroinvertebrates occupy a unique compartment within the structure of lotic ecosystem. As processors of organic material (either allochthonous or authochthonous), the invertebrates serve as the critical link to the fish community as food for game and forage fish. Gore (1977 Gore ( , 1978 showed that many macroinvertebrate species have a narrow range of tolerances to changes in discharge. Being less mobile than fish, most macroinvertebrates lack the ability to return to a previously inhabited area. Thus, under fluctuating flows, patches of slowly recolonizing habitat support a different community structure and very different densities of benthic species (Gore and Milner, 1990) . IFIM predictions have demonstrated that a small-percentage loss of fish habitat may not necessarily result in a comparable loss of macroinvertebrate habitat, whose losses may be two-or three-fold greater (Gore, 1989) . However, it is has been rare over the past two decades that macroinvertebrate habitat considerations have been made. This decline in the food base and/or community structure has the potential of leading to further degradation of the target fish species for management, as well as less efficient energy processing throughout the ecosystem. It is important, then, that prediction of changes in macroinvertebrate habitat be considered in conjunction with analysis of instream flow requirements for target fish species. This requires the assessment of the distribution of benthic species, construction of models of habitat suitability, and application of the models to appropriate hydrologic/habitat management models of that regulated stream or river. One of the most common assessment and management tools has been IFIM, and its associated software, PHABSIM (Stalnaker et al., 1995; Bovee et al., 1998) .
MACROINVERTEBRATE HABITAT SUITABILITY CURVES
In addition to hydrological and hydraulic calibration data, PHABSIM requires information on the suitability of (or preference for) velocity, depth, and substrate criteria of target species for management. Although evaluation of macroinvertebrates is not common in the United States, previously published ('catalog') criteria have been used in limited application (see, for example, Bovee, 1985) . However, on-site development of habitat suitability information yields the most accurate predictions (Bovee, 1986; Gore, 1987) . This is especially important for benthic macroinvertebrates since community composition varies from system to system. Niche characteristics will change as a result of changes in predation, competitive interactions, habitat location, and availability, as well as food resources. Habitat criteria, as mimics of niche dimensions (Hutchinson, 1959) , will likely change with changes in species composition or composition of functional groups in the community in any given lotic ecosystem. Gore and Judy (1981) have developed a technique for describing macroinvertebrate suitability curves for PHABSIM application. This curve development relies upon standard techniques for benthic macroinvertebrate sampling. Using a circular bottom sampler (Waters and Knapp, 1961) , Surber sampler (Surber, 1937) , or other area-defining samplers, measurements of depth, mean water column velocity, and substrate characteristics are recorded for a series of samples (we suggest between 25 and 50 samples) taken at random along transects across a 'typical' stream reach. In most cases, riffle samples are used since these organisms are the most likely to be impacted by decreased flows (usually the management alternative being examined). Stratification of the sampling scheme, based upon proportions of substrate type, appears to reduce the number of samples required to produce accurate suitability curves .
Suitability curves are derived from a fit of a third-or fourth-order polynomial to a plot of cumulative mean number of individuals of a taxon per sample as a function of an arbitrarily chosen increment of each physical habitat parameter. As an alternative, cumulative mean sample diversity per habitat parameter can be plotted. Any of these plots results in a sigmoid curve-fit. The polynomial should be fit only over the range of physical habitat values measured.
A primary derivative of the fit polynomial (when normalized to a maximum value of 1.0; as greatest suitability) will provide a suitability curve applicable to the habitat simulation routines contained within PHABSIM. In the case of a plot of diversity values, this curve indicates habitat conditions that provide for maximum community diversity.
Since the initial polynomials are fit to plots of mean number of individuals per habitat increment, variance around each mean is implicit within the model. Orth and Maughan (1983) suggested log transformation of the raw data to minimize these variances prior to construction of the suitability curves. In some cases, log transformation has a tendency to skew the peak of the derived suitability curve toward the lower end of the physical parameter range.
RECENT APPLICATIONS OF PHABSIM FOR MACROINVERTEBRATES
In the United States, some regulatory agencies, most notably in the state of North Carolina, have begun to include macroinvertebrate habitat evaluations as a component of minimum flow evaluations. These evaluations have been made in recommendations for release schedules for hydropower facilities as part of re-licensing efforts with the Federal Energy Regulatory Commission and for allocating water abstraction rates for various municipalities. Most often, a suite of macroinvertebrate criteria has been used in the evaluations. No species-specific curves have been employed. Instead, more generic curves for the 'EPT fauna' [Ephemeroptera, Plecoptera, and Trichoptera] (Figures 1-3 ) have been evaluated, since many bioassessment metrics depend upon the richness of these orders when evaluating water quality (Barbour et al., 1999) . We have derived the EPT curves from a series of benthic samples (approximately 1200 individual samples with a minimum of 50 samples per location) taken over the past 10 years across a range of streams and rivers in the southeastern United States. In addition, representative criteria for benthic community diversity in high gradient or low gradient streams (the break point being arbitrarily chosen as a gradient of 0.005), as appropriate, have been concurrently evaluated. These curves have been derived from individual samples collated over the past two decades and represent some 2500 samples collected since 1974 in streams in the western, northeastern, and southeastern United States (Figures 4-6 ). The curves for velocity and depth were derived as the first-order differential of exponential polynomials fit to cumulative mean number of individuals (or mean sample diversity [measured as Shannon's diversity]) per increment of physical parameter, as described by Gore and Judy (1981) . Substrate histograms were plotted as the mean number of individuals of that order (or mean sample diversity) per substrate category and normalized to one, as described by Bovee (1986) . Since we wanted to create a generic set of suitability curves, we chose to simulate a number of samples adequate to develop habitat suitability criteria. Statzner et al. (1988 Statzner et al. ( , 1998 have shown that, this value ranges between 25 and 75 samples. Thus, we chose to draw, at random, 50 samples from the pool of available samples. For each set of 50 samples, habitat suitability curves were created according to the methods of Gore and Judy (1981) . This was repeated, as a Monte Carlo simulation, until the variance around the mean value for each increment of depth, velocity, and substrate remained stable. The generic curve was fit to the mean values for each increment of physical habitat condition. When this scheme was repeated more than 100 times, the curves were not significantly different from curves derived from all samples as a single pool. Thus, the curves presented ( Figures  1-6 ) are, in effect, the mean preference curve based on all samples.
Figures 7 and 8 are from a series of evaluations of flow releases from Queens Creek in North Carolina. The recommended releases are based upon a time-series evaluation of 49 years of record, performed once with the mottled sculpin (Cottus bairdi ), as a representative of the riffle fauna, and several other fish species and performed, again, with macroinvertebrate community diversity (highgradient stream) and the same suite of fish species. With the exception of those times of the month when critical habitat conditions are required for the spawning of rainbow trout (Oncorhynchus mykiss), the true bottleneck is represented by adequate flows to maintain benthic diversity. That is, when using the mottled sculpin, alone, adequate habitat for macroinvertebrates is underestimated by between 5 and 15%. These results underscore the need to include macroinvertebrate community structure as a component of instream analysis in order to avoid the potential of providing inadequate habitat for secondary producers in the stream ecosystem. As discussed earlier in this paper, there are concerns about applying IFIM to assess the effect of flow modifications on southeastern streams of the United States, because of the high richness of fish species and limited knowledge of habitat requirements. Bowen et al. (1998) investigated the use of generalized habitat metrics, rather than species specific, as one potential approach to this dilemma. Parameters for five key habitat types were selected and IFIM site models were developed at seven locations along the Tallapoosa River in Alabama. Stream flow records for this river encompass both unregulated 'natural' flows and regulated flows following dam construction. Fish assemblage data for Cyprinidae, Centrarchidae, Catostomidae, and Percidae were also collected. Statistical analysis found correlations between the abundance of different fish groups and the median availability, as well as persistence, of each of the five habitat types. Adaptations of this approach are also planned for hydropower re-licensing studies at several locations in western North Carolina.
The use of generalized habitat criteria to augment species specific analysis is a promising development in the application of IFIM to stream management. It reduces the reliance on site and/or species specific habitat preferences that may include flawed assumptions. The analysis of persistence (in hours) and availability of key habitat conditions may also make this approach especially useful in evaluating the effects of rapidly fluctuating flows downstream of peaking hydroelectric projects. The application of the approach described by Bowen et al. (1998) could also be explored for its applicability to benthic macroinvertebrates. In fact, employing the low gradient or high gradient benthic community diversity suitability curves we have developed may approximate the use of generalized habitat metrics. Bowen et al. (1998) focused on spring and summer months as those critical for fish spawning. Benthos should be evaluated over the entire year because of their general lack of mobility, compared with fish. Another factor receiving increased attention in stream flow management is the potential for stream flow changes to alter substrate and channel morphology. A great deal of attention has been focused on minimum flows, but the elimination of occasional high flow events to flush accumulated sediment and maintain suitable substrate conditions can have long-term adverse consequences for habitat. This is especially true for benthic organisms. Richter et al. (1996) have developed a technique to assess this impact referred to as IHA -Indicators of Hydrologic Alteration.
The use of species specific IFIM analysis remains a useful and widely accepted approach to making stream flow management decisions. However, it can be greatly augmented by including benthic macroinvertebrate species, generalized habitat metrics, and indicators of hydrologic alteration to examine the full range of species, habitat conditions, and flow events. The application of generic curves does have advantages and limitations. The application of generic curves is certainly more cost-effective, especially when it is necessary to make a rapid decision on regulated river issues, and offers stream managers the chance to compare decisions and predictions across catchments and regions. However, these curves must be tempered with best professional judgement and, at times, altered (through a Delphi approach; Bovee, 1986 ) to fit known hydrological and physical conditions. When mussel species are involved, it cannot be demonstrated that the generic macroinvertebrate curves will adequately protect mussel species. Although Milhous (1991) has used HABEF, a subroutine in PHABSIM, to assess habitat availability for organisms with limited mobility, we suggest that the initial development of the suitability criteria remains problematic. Nevertheless, for most applications, where budgets limit the ability to gather field data and generate onsite curves, the generic curves appear to be the next best approximation of changes in habitat for benthos as a result of changing flow regimes. Since they represent a summary of preferences observed at many different sites, for comparative purposes, they may be more useful than site-specific criteria. Although not a primary use of PHABSIM, the model is sufficiently robust to also allow application of the model in the evaluation of physical restoration of disturbed stream ecosystems. Gore (1985) suggested that such models might be used to evaluate the placement of structures in unregulated streams. More recently a number of attempts have been made to evaluate restoration efforts using PHABSIM. Subroutines within PHABSIM can be used to evaluate restoration design by changing cross-sectional information (channel geometry, substrate, velocities, etc.) to mimic proposed changes caused by placement of restoration structures. Wegner (1980) used this approach to evaluate the impact of excavation of pools, placement of weirs, and boulders on the Uinta River, but was unable to verify the results. Shuler and Nehring (1993) demonstrated that brown trout (Salmo trutta) habitat availability (as weighted usable area, WUA) and trout density were positively correlated over 3 years of study of restoration structures on the Rio Grande River. In these and other cases, the primary restoration effort has been focused upon recreating suitable target fish habitat.
The focus of within-channel restoration is the placement and construction of instream habitat structures to enhance the capture of organic detritus, promote the growth of periphyton or biofilm, as well as, improving the rate of colonization by macroinvertebrate and fish species (Gore, 1985) . Structural design is based upon the assumption that these habitat requirements can be controlled through design of structures that produce preferred physical and chemical conditions as related to flow conditions. When emplacing structures that alter velocity, depth, and substrate composition, restoration scientists are assuming that hydraulic conditions are one of the primary templates that govern the distribution of lotic organisms (Brookes et al., 1996) . For benthic macroinvertebrates, substrate composition is the most easily manipulated habitat characteristic. The most common structures for fish habitat enhancement have been current deflectors, overpour structures (dams and weirs), bank cover, and boulder placements. These instream structures also modify local hydraulic conditions to present preferred habitat to benthic invertebrates. PHABSIM has been used to evaluate stream enhancement activities with an emphasis on macroinvertebrate restoration. The placement of a series of three-log weirs on Brushy Branch, a second order stream in Tennessee, demonstrated that benthic macroinvertebrate habitat can be dramatically increased at low flows (up to five times higher) after placement of structures which improve hydraulic conditions to sustain maximum diversity of the benthic community (Gore and Hamilton, 1996) . Just as in the case of predictions based upon numbers of individuals of a species, we assume that an increase in the quality of a habitat cell will result in an increase in diversity in that cell. It remains difficult to directly predict that response to increase in habitat quality. However, in a separate study, Gore et al. (1998) demonstrated that artificial riffles placed in Holly Fork, a tributary of the West Sandy River, in west Tennessee, enhanced macroinvertebrate diversity. That is, macroinvertebrate diversity increased with increases in habitat quality in each cell examined over a range of discharges. Indeed, PHABSIM was able to successfully predict the location of best habitat cells across the riffle at those discharges. The location of the optimal habitat changed from the head to the toe and back to the head of the riffle as discharge increased. Hydraulic habitat models, then, especially PHABSIM, can be a useful tool to evaluate the benefit of certain restoration activities. In low-order streams, evaluation of benthic communities may well be the best indicator of restoration success.
COMPLEX HYDRAULIC MODELS
Turbulence, shear stress, and other near-bed phenomena are the result of the simultaneous interaction of velocity, depth, and substrate. Thus, suitability criteria have been criticized for the lack of this Figure 6 . Substrate/Cover preferences for Macroinvertebrate Community Diversity in wadeable streams of different gradients, based upon a pool of 2500 samples interrelationship in production of habitat information (Mathur et al., 1985) . Gore and Judy (1981) presented an alternate model that included joint velocity and depth terms in an exponential polynomial equation. A multiple regression of frequency distributions of velocity and depth provided the constants for the equation. The result is a response surface depicting the changes in preference as a function of changes in simultaneous change in depth and velocity. Morin et al. (1986) found that the exponential polynomial curves had the effect of minimizing variances and were more accurate density predictors than the standard IFIM suitability curves and their log-transformed modifications. Statzner (1987 Statzner ( , 1988 and Holm (1982, 1989) have conducted extensive tests of the hydrodynamics of benthic macroinvertebrates and have produced a series of models of complex hydraulic conditions that accurately predict the distribution and density of aquatic macroinvertebrates. Although these models are, undoubtedly, more accurate, in ecological terms, the employment of these complex hydraulic models requires extensive modification of the habitat packages within PHABSIM to accommodate the suitability curves. HABTAT, for example, does contain options to examine shear stress and other near-bed phenomena, but remains based upon velocity, depth, and substrate curves produced independently.
At first, this may sound as a criticism of the currently employed habitat suitability curves and a call for the renewed development of macroinvertebrate habitat models. However, in a small number of tests of these models, PHABSIM appears to be doing a more than adequate job of prediction and as a management tool. Gore et al. (1998) found that composite suitability curves were able to predict community diversity of benthic macroinvertebrates in areas downstream of restoration structures on low-order streams. Similarly, Statzner et al. (1998) , in a direct comparison of complex hydraulic models Figure 7 . A comparison of recommended monthly minimum releases on Queens Creek, North Carolina, with a 20% reduction in habitat allowed. Based on predictions using only a riffle-feeding benthic fish (Cottus bairdi ) and including benthic macroinvertebrate diversity. This results in a 4.3% annual volumetric increase to protect benthos and the simpler habitat suitability curves used in IFIM, found that the simple habitat suitability curves did a better job of predicting densities, with smaller sample sizes required, when attempting to predict sample density of over 250 samples of Aphelocheirus aesti6alis from rivers of central Germany.
MUSSEL FAUNA -NEW APPROACHES
Although many factors have contributed to the extinction of numerous freshwater mussel species and populations, and should be considered in mussel conservation (Layzer et al., 1993; Chesney and Oliver, 1998; Killeen et al., 1998; Hughes and Parmalee, 1999; Cosgrove et al., 2000) , we restrict our discussion here to the influence of hydraulics on mussel populations. Freshwater mussels differ from most other macroinvertebrates in several ways that can affect assessment of their instream flow requirements (Table  I ). In particular, the limited mobility of mussels mandates that a different approach be used to define their flow requirements. Layzer and Madison (1995) argued that suitability indices developed for one discharge were of little use in predicting mussel habitat at other discharges. Spatially, mussel habitats are often well defined and restricted to patches (mussel beds). Barring catastrophic floods that reshape the stream channel, the locations of these beds remain constant among years and over a wide range of discharge. Mussels cannot move quickly enough to follow the changing location of suitable habitat as discharge varies. Figure 9 is a hypothetical example of a PHABSIM prediction of suitable habitat based on typical habitat suitability indices developed at base flow (Q3). As flow decreases (Q2, Q1), there is decreasing overlap between the predicted location of suitable habitat and the actual location of the mussel bed. Superficial examination of weighted usable area would seemingly show little change in the amount of Figure 8 . A comparison of recommended monthly minimum releases on Queens Creek, North Carolina, with a 35% reduction in habitat allowed. Based on predictions using only a riffle-feeding benthic fish (Cottus bairdi ) and including benthic macroinvertebrate diversity. This results in a 13.9% annual volumetric increase to protect benthos Table I . Characteristics of freshwater mussels and most other macroinvertebrates Characteristic habitat available as discharge decreased; however, because the mussel bed was not in the predicted area of suitable habitat, the decrease would be more severe than predicted. Defining the physical environment mussels occupy in lotic systems has been the subject of much recent research (Holland-Bartels, 1990; Strayer and Ralley, 1993; Layzer and Madison, 1995; Hastie et al., 2000) . Despite these efforts, our understanding of preferred habitats and instream flow requirements of mussels is in its infancy. Layzer and Madison (1995) suggested that shear stress was a major factor in determining where juvenile mussels settled, and consequently, determines if recruitment to existing beds would occur. Strayer (1999) demonstrated that mussel beds were located in high-flow refugia. However, mussels are not uniformly distributed within a bed. Similarly, shear velocity varies on a small spatial scale within mussel beds and is negatively correlated with mussel density (Hardison and Layzer, 2001) .
Although the use of a community model is suitable for determining flow requirements for most macroinvertebrates, such an approach is not appropriate for freshwater mussels. Available evidence indicates that instream flow needs are not necessarily the same for all species (Hardison and Layzer, Figure 9 . Hypothetical distribution of optimal habitat conditions (WUA) as discharge changes (Q1-Q3) across the stream reach; however, the mussel bed remains within the segment represented by transects 1 and 2 (T1, T2) 2001). Moreover, temporal variability in flows is believed to be important in maintaining diverse assemblages. Although the instream flow requirements for many macroinvertebrates has been the subject of research for over 20 years, specific attempts to delineate such needs for freshwater mussels is largely restricted to the past 5 years. Furthermore, actually providing a flow regime for mussel populations largely remains an untested management option. Layzer and Madison (1995) provided some interim recommendations for instream flow requirements of mussels, including minimum depths and velocities; however, they cautioned that these minima may be suitable only for temporary maintenance of mussel populations. Many species of mussels live over 30 years, and in regulated and unregulated streams, successful recruitment is often highly variable among years. At least some of this variability is linked to variations in annual hydrographs. Recruitment for some species seems to be greatest at below average discharges, while other species may require a more normal flow rate for successful recruitment. Ultimately, recruitment is the sole measure of how successful any flow regime is for providing conservation flows for freshwater mussels. Therefore, we suggest a two-stage process for determining conservation flows for mussels. Initially, historic flow regimes should be linked to patterns in mussel recruitment. Following institution of a conservation flow regime, the level of recruitment should be monitored to insure that flows are suitable for maintaining or increasing existing population levels. To maintain diverse mussel assemblages, annual hydrographs may have to vary seasonally and annually to provide optimal flows for different groups of species. Although this recommended methodology does not lend itself readily to an IFIM analysis, PHABSIM should be used to assess habitat of host fishes, and flows necessary for instream movement. Moreover, PHABSIM predictions can be used to insure that suitable habitat for host fishes occurs in the immediate vicinity of mussel beds to increase the likelihood of successful glochidial attachment. We recognize that this proposed methodology will require much time and expense; however, it is justified to insure the survival of many mussel species on the brink of extinction.
CONCLUSION
Despite criticisms of PHABSIM and habitat suitability models for their lack of ecological sincerity, the IFIM technique provides a useful tool to stream managers to ascertain which flows will substantively alter habitat availability. The greatest need is the inclusion of macroinvertebrate suitability curves in the assessment of lotic ecosystem integrity under regulated flows. Differences in predicted optimal and minimum flow criteria do indicate that managing for a few target invertebrate species may result in the loss of habitat for other non-target species while flows that are appropriate for functional feeding group targets or for highest community diversity provide a greater proportion of habitat for benthic species. Maintaining a high community diversity among benthic macroinvertebrates or the appropriate proportion of functional feeding groups will likely insure a diversity of hydraulic conditions within the stream reach in question and it is a relatively simple procedure to produce suitability criteria for highest levels of benthic community diversity.
The second issue that faces the continued development of instream flow models applies to analysis of all trophic levels in stream ecosystems. That is, where should our efforts be focused in the future? Currently, we do not understand if or why more complex hydraulic models improve the predictive power of PHABSIM. The initial results of Statzner et al. (1988 Statzner et al. ( , 1998 are equivocal. Intuitively, it would appear that simulations of near-bed conditions should predict benthic macroinvertebrate 'responses' with greater accuracy and precision; however, this has not been the case. At the same time, parallel efforts are focusing upon more complex two-and three-dimensional models of hydraulic conditions (LeClerc et al., 1995; Waddle, 1998) and more simple models combining multivariate and statistical models of habitat suitability (Lamouroux et al., 1996) . Should we focus upon improvement of biological models, hydrological models or both? Although we cannot suggest that any single approach is best, it must be the responsibility of the developers of new models to demonstrate that the application of the new models will significantly alter the management decisions that are being made using the more simple models being currently applied.
